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[0001] 

[8Et&JS1-*i*ffi£0] i^7r>fT^Si 
*6¥^#U-* Xtt^/HX 

[0002] 

[«w«f5] ^ w&fr±m®izMix<Dm& 

(LED) ^^«cl/— If (LD) m<0 
[0 0 0 3] if77^7*S iC&K±CGaN&H:£ 

Xs %mM%m& (mocvd) &&^t^<fflvs 

kg a n k\t^tt^mm^it^mmmm^ 
mm&gjmmm. uoooicRb) 

[0004] -^3T% -mzmz&vti&m®* 1 0 
0 orato^T^b^ffc^^^M^^^s 

5 0 0-6 0 0TCgSC[)iSiaT^fi±{CAlNX 
liG a N*e>#*A ?7 TMZ&L&'t&Ji&tfm^tl 

[0005] l*u m-ro^fmtsnicjs^T. 

^^^mmc^mmwmo^xmi 08 ~ 

\t&&jjmzm b tsrnm t lxj&&5ihiz&&l 

m&u-*m<mvmKx^x, fmrnz-mb® 
$%&mzmix^&. 

[0006] ^zit% &m&\zm*8o>&ft%iz.m 
x^Mumzwr. m*t:$mLxmtz. ® 

19 (a) I25****IC riEfififlBSSJCfev^T, J&5 

Jttofc, 019 (b) IZijk**^ &<m&\zj:*m 
tKXZ&fo 1 X 1 08 cm-2£X'8.'p2-£Z>V>tm 

nxhz. ttc ai9 (c) izm**$iz. mvm 
itGmm{*J3<!>mzmaLx%. zowm&im 

~1 0llcm-2oSfeA^fiEt<b^i:tC^. 
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[0 0 0 7] mm.vm£mwm^mK* 
( i ) &&xmm<m\. mwmtemmiusttm 

[0 0 0 8] (2) ti&kmm&mwteMt&to 

(3) m&m<Dft® (mmm&a*m£*t>* io 
m> x-ittvh (7X) m&$ti%<, mxmnmm 
&0mztf&LTmt&&m*#Fm (mq 

[0 0 0 9] (4) *yyo>&t£XLtL>h W*l/-if 

(5) mftizfmmtfT^-zrmK&amm 20 

(6) j§S^WS^^CMg^!)K-M>h^ 

[0 0 10] &Jb<D±?ti$mK.*V* ^^W^ft 

[0 0 1 1 ] Sfb^b£4^{^*T«c I 30 
nGaAiN^ m-ftz^wmmMt LZ%m 

A 1 ?:^trt5Wr^*W<^T^<fcV>fc^ )tB9D 
[0012] 

mm&<o&&&mB i mm&i<tv zti*> 40 
[0013] *nm\t« i&vmz^&vT&ztxtz 

&^mm^w&<m&^*>)> mm, m 
m*(Dmiims:m i *&z.£iz&&. 50 
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[0014] 

ms&omummtz 2^><Mm*miz&^xm 
mt. t^ty^mx'&^xtft^m^mwizti 

[0015] memmm*mm& m&£&im2 
n mm(m*mtfFETx$>tuz k 

[0 0 16] *^0^^3JC^5«3Wm £1 

Mi:, tiiiB0i^±tc^$nfe^KcDggpas&wi-e 

^2(^^$:^t^fb^b^f^^fc, M£§? 

[0017] _hiasi^i0^«^fe6v^^g| 
wc, 1 0 0 ovmL<ow&xm&*&Kt*\^mxtb 

[0 0 1 8] $*>IC, m&ilMfo AlGaN, In 
GaN, A IN, GaN, B 

iobfetm. Si, sic. i^T-fTfcitfrft*© 
^0©^i/-^e>®t«ifc 1 oT'fc&r ttmt u 

[0019] vx^o^oggpspi^ mmmzmz 
tix^&ztimtu\ 

[0 0 2 0] $e>»C tlUB^^CDlfllB^K^PSP 
li, l^^b^b^^(*;^a$fi<i l-20> 

[0 0 2 1 ] xwmtptmz* mx\t <i 1 
[0 0 2 2] $ e,c, $m£im&it&mm&M<D%i 

&mffiL0)®&#. 1 03 752 1 07 c m-2T-&63 
[ 0 0 2 3 ] 3 £ ic iM2Sfb^^^fef«(W^ 
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[oo2 4] $e>tc ti^xt±<Dmm&{t£%& 

6. 

[0 0 2 5] t^iVmitl!i%ftmftM& Ga x 
I n y Al z Bj-x-y-z N (O^x, y, z, x 

+ y+zsi) Tjwaan*ifc*«a[*Lv\ 

[0 0 2 7] mmimt, ^(osm^mt^m^ 

xmm^m^^mmmt^mmt^^ \z 

[0028] tmvxttotimmmuto&^v^ 
Twzmztv mammw, mmvmn® 

-l^w/p-an/as^ll 

(p-w) /p-an/as£l% 

[0029] *mmim 1 3 

fi^t^^fl*?«©att <ll-20>fc«[ 

[0030] mmtmit^mmm^mt^x 

[003 1] Kfffi^lJItt. AlGaN, InGaN, 
A IN, GaN, &£VZftb<DtmzBZ:miW=.tt 

ft si. sic, ^77-<r^«fci;^n^^K<z) i 
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[0 0 3 2] ##ET*lt 
fi±tCG a N*G a A 1 N^^©gfl^4^^^ 

x. xit&wiyyrmLX'imtitiz. tmrnm 

[0 0 3 3] ^T^ns&L&mS* 02O£j*tSEM 

skcw^c. £mmm>*&nmm& est*. 

S^tCfcU, tmffi&mZl 03-10? cm-2jC 
< 1 1 - 2 0> i:^iC&f«rtC^>f >WU: S i 0 

2vxttf-mtLx&vfi>ti&. -?**<mum>m 

C0#^P^$@ii 2 m m^LL <fcU#£L<tt5*mJta 
[ 0 0 3 4 ] HPtSu gfl^^fl*?^J*K:*3^ 

mzfatz-z&zttfx'^ *<»&%£Lx. m<m 
[oo3 5] ttz. wgmnmtvmtzmm 

[0 0 3 6] $e>^, l/-1f 0 



7 

(0 0 3 7] m)^^£mmft<D£g&n&fo± 
<mm^ mm-, awu^. ±x<omitm. 

§mmsmm^ m**t- 10 
too3 8] ^r-rr^sic^ 

[0 0 3 9] &&&&*OT§g*z?ii, V**g8PSU:lC 

(giasflapraflus) ma*** mm&nm 20 
tztzzxtitxtz. fer, 7f7;^i» 

[0040] ^fc.7>f^A^->JCj:evX^^V^ 30 
[0 0 4 1] 3&fc5T7/W&g&tf^fciMCtt. V* 

#® <i - 1 o o> ;£iiui:TOlc**r fctfMgTfe 

*w&-t3«fr6. gfb&^ttco < 1 - 1 0 o> m 
t9om?bbtzvx9/t*->x-<Dmm^{m& 

T\ AftJZ*z.ftm<D'?x>7;i*-yX'tt<i- 1 0 

[0 0 4 2] th. mm*tt/jm\t&Rtmt 
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(000 1) cMtm<t#VVi*cm<B% 

^ wi 6%®^m^ce. zo>m. xmt 
- >0^fcjgfi§0it€:^tc z t xmm.<?> 

[0043]-^, mcmmm*\z s i ttzmwz 
mnittov>ymto& 1 x 1 0 if c ra-sat^&i-* 

[0 04 4] iO^tC Afc^H£^©v;**/t* 

wpte^&nnmtmmftMm&tsztmm 

[0 0 4 5] Ztz. *#HlCJ:fttf. flfbft«ft^«¥ 
*{*JB («tH I n G a A 1 N) ommftZM* 
Z>tmm&-\Z13^X. InGaAlNM®-»JCS^ 

(mn sio 2 ) *&mizm.t<n 

[004 6] e> ICtfcfcCDG a N&¥$fcf^T' 

(S i o 2 ) jWB^lCfBfc&ftTVi 
V>*t, mtiAlGaNJi. «t^fpl^5:jgc:1-fe 
B0KIW<fte. £*UC*y, -tttf^Alfc^ttfSS 

[004 7] 

[004 8] (&1©HJ&BJS) 0175^3li, 

mmx&&. 

[0 0 4 9] *£&gffi-e& t^ffiftW^tCJ:?, 
(0 0 0 1) iBJCWft±ffiMt6^7T-< 
7^«±lC^^J|5^ffi^^ (MOCVD) ^C<k«JG 
aN^^^1-6^CoV^Mt-6. tfz. tm& 

[0 0 5 0] @1 Ji, t^SlC «fc m&LLtz.mVfo?h* 
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{00 5 1] £1\ vyr<<7W&io±\z%3& (5 0 

0~600C) T*GaN/<y77/gl 2£gt+nmtf£ 

u -eoftc^a^^iooorahjc^u m 

<3fifc£T'l£ ^<?77JI12£i$AUfc^T% JSiO 
#6G a 1 0 0 0 TCJSLfcOif & 

TjMfctWa:, 6%i:#Sk:*;*v* 

WaT?*fibfcGaNJBl3 0Bfi?#tttt. «W97 

[00 5 2] -*7747&Kl0±lCGaNvt«y 
77JI 1 2fe*H/C, iSaGaN013fc^-r**j£ 

[0053] tr. %m&, mmizz^Ttmzti 

tz*VT4 7m 1 0 MO C V D££0D©S£rtlC 

1 2 0 OTCT'^1 04W3e»«8xy^>yfc«U & 
[0 0 54]ftVxT% «T77>f7S«10±lC GaN 

T#8S#2 0. bL/fr m#XtlsTls7>*-7 
#9. 5L/& TMG <hV*?A<#U9Z0 £2 5 
cc/^W:. ttc ^77JBl2feA«t ££ 
&M&1 2*H8TC?1 1 OOrCIHIU 1 1 0 0*ClCg| 
SUfefeGaNglSfclBHartftU 2Am©KJPJC 

[0 0 5 5] £©J:$K:LTflMlfc?«BJ» 
GaNfl 3KOWC, %7*aSWR&0X8lS*ft 

lSjW&ftfcZfctfWHLfc. X|ft¥m»J:3. 2 a 
renin, **U7M6X 1 0l6cm-3 (nS) . *- 
)\>&m 5 0 0 c m2 /V • sec £ % tt*flsTfWUfe 
GaN»fcl,Ttt, it^A»«^S#feWe>tlfe. 

^©K^icov^TWrffi^&jffiM^f^aaft (TE 
M) &m&GaN/f 1 3*0® 

ii«aft«KJ«&3xio8 cm-2-e*y, iwvfm 

LfcG a N/gfc IT WH^a^ftm&ft*:. 
[0 0 5 6] fctC *^C**£fc"l?GaNjg«:ftfc 
Lfc^fcOWr, 02, B3*J8wC3WIt*. 02 

8P#«fc»rffiBT'&*. OT, ^»^Mt 

[0 0 5 7] *f, H3Kj*1\fc^lC, -*77>f7g« 
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20±IC, 1 0fimti$BT'i&&2*m<?)ffin®2 I afr 

6S i 02 #e>*JU>v;** 2 1 fcjg&t*. *n 
T, 3OV^^2l^1-6^77>frSfi2 0€:, fig 

BET*** 2 5 L/£08^«l/*#&, ®& 1 2 0 

[0 0 5 8] ftnT. V** 2 1 &Jgfifcbfc-tr77-f 7 
10 £tg2 0±IC GaN,rty77/l2 2&j£gS&5 5 0 
•CT24MaS®U JR2 0nmK3»ftl,fc. #IB&T 
ttJda^**y7#*fcLT**«:20. 5 L/& 
J^^hLT7> : E-7€:9. 5L/#, TMG (h 
U**MfU9J0 &2 5cc/mt. *k A'V 
7 7E 2 2 Wmgtf 1 l 0 OTSJCffittT* 

&$*U TMCmfifclOOcc/tftCifiDLfc. ft. 
«#1 10 0t:C3MLfeftGaN^2 3$:l^fafi^ 

[0 0 5 9]fttv& r®«ICl/a§&ftfc»a« 
20 GaNjf2 3lCoHT, =E 7*D£ffl»(&tfXing»rtt 

/I23#f§e>*V Xtmmtl. 2 aroDin, 
7ag5Xl Ol5 C m"-3 < n g) . 0 0 

cm2 /V sec t. 3^?lM&n^9&]«9 

rmmm (tem) sagtefrofciiio, 

GaN^2 3*©ajg®fi?BMt««JlXl06 cm'^K. 

fcgCO&l/lOOT'&ofc. 
[0 0 6 0] BrffiTEMfiSgHCj:*^ E««k& 
2 5iiS i 0 2 2 1 ©t5«iftfc»tC(D»«EUT 

0; v^^2i(DggpSP2i tMMM2:ftU« 

2 1 ±T-tt7T7^^)MSiiSn, 2 1 COW 

»"efr^©MP»2 1 afr^x^W&Sbfcfcatfa 

[0 0 6 1] ftfe *^^®T'i^ ffia/t V 7rJff2 
2 -e<D±fflHC]IS&£gG a NM 2 3 &Mtl/^ 

^, *«WKlJ:e8B6OTac^ntf. 7*9 21I3M 
t6g§PS?2 1 a0^y*l^ffii0J:^tC/hSV%S 

[0 0 6 2] iOJ;-5K^aWffiU:J:n«. ^77>r 
7S«2 0±JC^P2 1 a^t6Si02 V^^2 1 
2 1 0ggP 2 1 a *SlCLT<g*&££G 
a N/tv 7 7^2 2&imiSJ&BG a 2 3 fcjgfijtt 
SitlCliy, Mffilft€: , r^^2 10t*«*iWW>* 
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[0 0 6 3] #^»SST'(iMOCVDS$:Mv^ 

^HSSitT***/- (MB E) SsfcMUTt,*^ 
[0 0 64] (m20)£mW 04 ti. **S9!0£2 

[0 0 6 5] ^77>f7^K3 0±»C, «§3 1a^ 
S i 0 2 *>e>f£*V*? 3 1 JftgOSJu 3 
10&&3 1 a£ttMOCVD&C£U{©aGaN;ty 
7r^3 2*^$*lTV^. v**3i&tf 

[0 0 6 6] GaNTJfc©3 3±tCtt, ngGaN3> 
**Mg3 5, nSAlGaN@g£aA^3 6, nfflG 
aNW KM 3 7, £MM*#P (MQW) 
■r*InGaN^fi§ttM3 8, pfl3G a Nft#>f KB 3 
9, pgSAlGaN®&&A04O, pgGaN3>^ 
2 h/|4 l*^©)?rC'^3nTV^6. 

[0 0 6 7] ±IB#M^O-«Ptt, n3?GaN=J>* 

s*u naufca:/** h^3 5±\znmm&4 2tm 

^GaN3>**Mi4 l±Kl*@i»g0>fctt>SiO 
2 K4 3tf3gJftftcm£*U I©Si0 2 &4 3m 
p^GaN=3>^^b^4 lJ:i:pmi4 4^ 

[0 0 6 8] *C =te^J»<!^<*l'-if<B8St# 

MJMgJfcB (MOCVD) Sac<fc»Jf&£U^ fflV^cig 

(TMG) , MJ**7U7/bS-*A (TMA) , 
MJ*?*<f;'S'9/% (TMI) , ¥Zi/9W<y*is 
xx^T^i/^A (Cp2Mg) £MV\ Xximt 
LT. 7>*-7 (NH 3 ) . >yy (S i H 4 ) 

[0 0 6 9] tt. 05K3 

?*i*5o vmmazmnmzm (BSP8P) 3 l a 

MWfeS i 0 2 ri><b£6v;** 3 1 ftl* 
?, V** 3 1 BKJH*IC,fcoT«3iLfc 
& 30-9-77^7^3 O£MOCVD3£E0>£JS*P 
ftlC^AU 1 200-C, I0»f-VM'J-- 

[0 0 7 0] ftvvt% -tHz7*m*5 0 0rK±# 
U {gj&£S*GaNM*y77E3 2Z3#f®mtZ>. 

m*TVM7*®mz 1 1 0 oriciaau hoot: 
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\Z$mLh&*W713*tLTim*2 0. 5L/ 
7>*-7£9. 5L/#* TMG&lOOcc/' 

^Xj^r^n^ni^mte. zntcj:y, ^£ 

2Am©7>K-yGaNT^3 3$:^1-«). Z.<0 
flgL 3 1 lZ&&V1tm3 1 atf*itf>&£*u 

-fOSJCS i 0 2 ±T'77^/Wfc&WE&S*U 
tc&* <D&1)H& U l EfS©#l&Cli¥iSfc7 > K 
-7GaNT^3 3tf^£3tt*. 
[007 1] &^T\ S i H 4 & 1 0 c cflDA* j£#g 
LTn^GaN:J>**h/§3 5 (^£4. O^m) & 
JKfcLfc. ttv*T, TMA£6 0cc/#<B^T'iD;t 
^ZttCJ:^, nS?AlGaN^gaAM3 6 
0. 2 5 Am) £££^±1^ 7>K- 

yGaNT^3 4^fikD^^^T% GaNW 

[0072] »«saa«&7 4or*T?PWu . 

^yr*^fe*3»&« G££2 0. 5L/#) £ 
«»J#>U>. 30*:^ 7>*-70>S£gtt9. 5L/ 
TMG0S£gJi9cc/#- ££U TMI0!W 
MHOcc/^, 3 0cc/#££SC9W^;U> 
3hlC<fc*J, InGaN^?gS^3 8$:mL/fc. 3© 
InGaN^fSttS38H 3M&>! no.2 Gao.8 N 
(IS2nm) #J^Jgi:I no.05Gao.g5N (j?34n 
m) MKff*&Jft6#ira&* (MQW) 

[0073] InGaN&?£teJi3 8£J&£& 

mznvi 1 ooTcic^ts. i oor 

Clim **U7#*£?ftf^?t#e>*& Gfcfi2 
0. 5L/£)"tWJ&;L GaNWK^3 9, p 
lAlGaN«iA^40 OfZSO. 25aid), p 
§?GaN=j;/*? Wg4 1 (££0. 3/tm) 30 
fllT'^fiEI-e. pSAlGaN@SSaA^4 0^^) 
pSK-^>MKS4CP2Mg(D«ISSJi> 2 00cc 
pSGaNn>^^h^4 10^g^)CP2 M 
gC!>mi&fi«5 0cci:Lfc. pMGaN3>^^h^ 

U7^ G&S2 0. 5L/4» , &xrry*-r (5S 

£9. 5L/£) ©*&5I^Kg|«&U ^aS&S 
maUfc. <SU 7> : E-7CD^ti, ^SSM*^3 
SOTCJC^L^C^ihtrco 

[0074] ^0*OTfWanfefi{btt*if5»# i/ 

(TEM) mZMlit-tZ^ MQ 
W»fe3(ift* InGa N*fl5ttlMJCtt, t&ZOft 

fc. ^mmoymmmm-^ «i6xio5 C m-^t 
[00753 txtomm* mmz*z>v--vmm 
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xzu-trmmr^ #>i oWcm-zommm 
(A) mTEumx*). zti*>o)*y 

[0 0 7 6] ±£&M®m<fr-BZ* niGaN 

K03 5 £X* K5>f X^>^fcK«fc »JRfcfe 
U -t0>±S»CT i /A 1 nffim&4 2 

1-6. 3«blC, ^0^Tfl^$ftfc^®#a>p3*Ga 
N3>*^^4 l±k:ttmSSSR^CD^«)S i 0 2 04 
3 &Sgft«rtC7&£U rcDS i 0 2 04 3&tf p3?G a 
Nn:/**h04 l±lCp<Bfm&4 4fc7£j£Lk. 

[0 0 7 7} ftlC. ±ftCD®S££*S¥#<fc£0BI*: 20 
^Uc>)x^^ 3 5 0#mX5 00*tm(D:*££lC 

5, 1&&4 1 7 nmT'^MJ^S-f 
fc. im>SW£@EEtt4. 5 V, L£V>^@8£&&«: 
1. 5kA/cm2 T*&o£. 
[0 0 7 8] t^aT'fmtfeGaN^^ft:i/-lf 

^U-if^ti^DSt^4 0^ST'fe»;, ifcl/ 

-im^Lt^Tti, &&im^t^m&&^ 30 

V><5*\ XttP^K-A>hT*&*v^*S/*A CM 

[0 0 7 9] ztuzttbxgmmvfc ±iErs5S&tf 

**^?<z>^£Utf8o%^cfc^ tr^m^m 40 
t;t£fc&tf>#j 100-100 oteicgtt im&tf*m 

[0 0 8 0] *|QBKIBTttl/-if»Cov^TSJWi 

[00813 (^301^®) mzagmmit* 
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(CGaN (2/im) , XHG a A 1 N (0. 3/ttm) / 
GaN (2 Aim) £^L£g«±ICJ&£*6. 
[0 0 8 2] £1\ ±ltf>m±\Z 1 0 /i mf&DS i O 
2*7^^^ GaNXIiGaAlN0©a©<l 1-2 
0> tm.1$fo<l-l 0 0> IC 2^mfgS5T'^h7 

±CMOCVD$ftC«*:»;, 5~5 0/*m©GaN;i£ffc 

^-r*. &mmKs i o 2 v^^j:t'7f7MX^ 

S#$n6. **u ^tSSM«^ (TEM) {g£ 

[0 0 8 3] -<D<fce>KTO&b<&#2*u 

& u. ratal twxm+tit* 

[0 0 8 4] fcfc ««Wffl-ettu-!fcovvTSWB 

[0085] (gMOjS&gJS) 06tt, *KW<m4 

[0 0 8 6] *$$®m<D!mfc l/-tf O^fifc^fe?:. 
OTiCSW51-6. i-T. -9-77^7^5 0±IC Si 
0 2 i:Ti0 2 A^^6#0K5:^iftC«t:»J^LT^ 
^LfeT^^ 5 1 ^fiftt^. "7^^ 5 1 iCtt, 
nTVv^v^ fi&O. 5Mm<&B8PgP#5 0/xmfgR5 

[0 0 8 7] m*mmw>temmoc 

7^ffi5 0±IC, GaN/Vy7 70 (Hu^f) #2# 
fa^^Sn*. ^0±SPlCS i $: K-^bfenfiG a N 
3>^fh05 3 (^$2^m) fetf»«T6. 

j^V^T, ^a)±gjStCSi 5:K-^Lfe^$0. 2 5Am 
0n^Ga O .8 Al 0 .2 NmS£aAM5 4 

[00 8 8] ^V>T\ ^$0. lAmCDlno.lGa 
0.9 NfStt»5 5W»U *©±»JCMgfeK-^L 
tc&ZO. 2 5/iin(DpMGao.8 A lo.2 N^aA 
05 6, nlG a 0 .8 A 1 0 .2 NW^f5 7 fcRgfc 
30^, -fl9x;\feMOCVD«H*»6«l 
UffiU «8efc*M5 70£K:. 7*bUy^57-f 
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mm^Tmm\zoLv*>?t&mK±>). 10 
e. 

[0 0 8 9] &fcvfc. «?xAfc?StfMOCVDgglC$ 
AU ^^^5 7©±CMg&K-^fcpSGa 
Nn>^^h^5 8$:^t6. P gGaN3>**K 
M5 8fi^, *x/\£MOCVD£E#!^Jffl*. 
5*>IC p^GaN3;/*£hJg5 80»££®lCSi 
0 2 fcT i 0 2 fr*>&&£MmmK**)®Mt&. 

JPRKtidOLU % 1 tf)£f#85 9 feffittt*. * 
77>f7^«5 0±K:^$nfeSiO2 £Ti0 2 * 

MftMRC?**) 51#, £2©£JH®i:fc6. 
[0 0 9 0] «±0J:^»CfWSnfcl/-Sf«M«® 

nSGaNa>**WS5 3feSIBa-rc, n<R9@&6 
OfcJBiWe, p§?GaN3:/**h05 8±lC 

fc, pJNIfiBlfeMtU BB6K3RtJii»v^K 

[0 0 9 1] atCi^lCfWl/feWfltlz-lftt- 

L£Vvft@&tt9 5mA, Efrtt®Ett4. 6Vt*o 

[0 0 9 2] 43^m:**ffi»^¥#{*l'--»fT' 
tt, S i O2 tT i O2 pt>&&£imfr?M 5 1 1 

[0 0 9 3] «H58rett^xABirtT?lMJB, 4# 
KQfcaAJgi: LT/8V>*G a A 1 NJ3lCfcV^T&£# 

[0094] <&5©|^JB0 H7& #«9W>£5 

[0095] tr. nffl2/U3>«R60KjtS100 
nmO&gtftS i 0 2 BS6 1 jRSKfc^jTm^t 



^2000- 21 789 
16 

BlafcJWt*. itUCJU, i/y3>gfi6 0&g 
ffiSttfcft. I/Sfeh ^(^fi^MOCV 
DggrtCAfV S i 0 2 B&6 1 tfgBtl,fc»j:*IC. 
M 1 0 0 0TCT- 1 OdH0?- -7M U -x>$rfeff 

[0 0 9 6] ^£2. 0/im©ngGaN3> 

* * hM 6 3 mu s i o 2 K6 1 zmxkkim 

,I0>n^GaN3:/**h)I6 3ttSiO2 

K6 i±T?ii^7;w££*££&, HttW2/y3>-e 

$0. 2 5/im0ngAlGaN@8£&AE64, 
0. lAtm0Ino.25Gao.75N?Stt^65, ^$0. 
25^m©p^AlGaN^aA^66, #30. 3 
/xm0pgGaN3>** hJg6 7 tzZOfflefflfct 

[0097] MOCVDjfifl6^e>W»J»Lfeft. 
>3£«6O0CTKnS«ffi6 8£^rm&*S. * 
fc, pfiGaN3>**Wf6 7©OTfe3W3fc?** 

-5. ttfcC pgK-tf^UfcJWWSttfc^ P& 
[0 0 9 8] J£UiO*»tffirtLfe«3l6^>f*- KlCjg 

mbfctzz, im&<m<< ^mmzntz. zom 
toaowtw*- ki*. flawHJ-^T-f r^^s i c 

[0099] OBBfl^aWfflO H8«; *«WO»6 

Q>$i®m£.m>z>%i$7 : 7 v fmm (dbr> u- 

[0 10 0] -9-7r-f7^K8 0±^CMOCVD 

5?GaN3>**hJg84, nMA 1 G a NUgftiiAM 
85, nflGaNJMM KJ18 6, ^MM+XF (MQ 
W) «BSfe*t6InGaN*?35ttH8 7, pjBJGaN 
3t^KM8 8, p^AlGaN@^?iA18 9, pS 
GaN3>*^hJi9 0€:r«)Wei«U U— !flC« 

[0 1 0 1 ] ±BMflBi0l/— !f icftffi l/ftv%M 
nfflGaN3>*^hS84Jca«4TK5^x 

7 fcl/CJM 5 0 nmOS i 0 2 R9 1 & 

K5>fxy^>y-e»*bfefiM>IC®-5k 4 2 
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KLX. 7^b7>*x*Ak:TSi02&9l£x*/ 

mm (mam 9 1 a^i-6Sio 2 

N3>**h/g8 4#g|ffl£ft*. 

SrtC&U ;>K-^GaNI92^100nni© 

n®GaN^84i:n^AlGaN/l8 50># 
®0»$^£x.y?->^U £©£«lCii<i(IISfc9 3 
pMGaN^9 0<D±lCpS®&9 4£-HV?ftJg 

[0 103] ^LTtt&Ltz.^ftl'-7\zm&A 
LtztZZ* 4 2 0 n mCD^»fe{t t tz U-Vfttf 
&&T'£k. GaN3^9 2<DWtCti 4 2 0nm 
%m<Z>S i 0 2 tf>* h^>f rf^M 9 1 jWWTSfe 
$ttttAKA?&4 2 0 ningl^kDttfiWo^ 

^^7/l/fi£fi?:3pJ^L/Tf^ofeGaNT$>S(DT% 

[0 104] fcfc, l/-*ra#JH*fcJ»«tf»C. 4 
2OnmMK80SiO2 * h5>f LTfcttli 
lW©^3n?«SttJS©TICj«»4 2 0 nmfctitffte^S: 
(DFB) U-V*iffitZZt*>»!i& 

[0 10 5] Ri^ iGKlMffSCD^mtll 

T* £ICS i 0 2 *T i 0 2 *«nfc*6lCWtSW! 

s i o 2 , t i o 2 omz+ mtifflfc&m 

mfato&SBBXlb* 1 0 0 orRi:©SMTfflAtt& 
*U $£LTIn 2 O3, TIN, A1N, SiN x , 

wn,«W6w. 1 oooicjeuKOKar* 
[0106] &»*m^iMi©mvvtmfc^^t* 

[0 10 7] a^&mivf^fcTy^LT 
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[0108] ataxic ^©m^fS^OAcvx 
[0109] J^^ffiretd^^gttr, 

^>M g A 1 2 O4 &<DM&*m^Zt.*>X£Z>. 
[0 1 1 0] $*>IC *^0Sfb4^^W^^«: 

[0 111] (£7©|^J3) 09, 01Ott##i8 
■rtfciMWfc 09»±£*«S}SeBt®0, 0iottv* 

[0 1 l 2] 09icfcix*c l Oltttf? r47W& 
!O2tiV^^i:LT0SiO 2 m (0. 3*iin), 1 
03l±r>K-^GaN^ (3/ira), 104lin-G 
aN3>^ (S i K— ^, 5X10l8 C m-3, 3 
Aim), 10 5»n-Alo.08Ga 0 .92N^7yra 

(SiK-7. lXl0l8 C m-3, o. 8 Am), 10 
6l±n-GaN3$&g (S i 0. 1 tun) , 1 

0 7ten-Alo.2 Gao.8 N^p-V D7^-y<-7D- 
B&ilJg (Si K-:/, lX10l8cm-3 20 nm), 

1 0 8li?gttJgT'£*. fffi%10 8\& InGaNg 
=mP<jy*-~l t Ino. 2 Gao.8 N, 3nm)tf 
SMt*tl*mi nG a N&MJg (7>K-7. In 
0.05Ga 0 .95N f 6 n ra) ^e>fc£;Itf-#F85g (SC 
H-MQW) i:fcoTV>*. 

[0 113] 1 09lip-Alo.2 Gao.8 N 

**yy*-/t-7D-»ifcjB (MgK-y, 1x10 

18cm-3 f 20nro), 1 1 Ottp-G aNg&E (M 
g K-^, 0. Um), 1 1 ll±p-Alo.08Ga 
0.02N^^^ KM (Mg 1 X 1 0l8cm-3, 

0. 8/cim), 1 1 2lip-GaN3>^i?h^ (Mg 
K-^, lX10l8 C m-3 o. 8/im), 113»P 
t (lOnm) /Ti (20nm)/Pt (30nm) 
/Au (Urn) tim<DpWm& 114tiAl/Ti 

/Auimonmm. 1 1 5i*s i o 2 swre« 

(«t®tC^T) iCttT i 0 2 /S i Q 2 fc^JglCigtfgU 

[oii4] H9T^-r«3S®S£g^n vxrmv 

^77>f7®Kl0 1±JC 010 
(a) KjjVr^lC, CVD^T^UfcSi0 2 ^l 
0 2lcA^CggnbArV^^$:^t5. ^(Z)S i O 
2 v**©J*Hfttf*M©Jfctt. ^77>f7®fil 0 
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1 try K-^G a N 1 0 3 0t£?*@8S«> 1 

U ^jatt7>K-^GaN103(7><l-l 0 0> # 

[0 115] &WC\ ^B#H&T'l 2 0 0T)£T'#m 

bt\ 3HEW-v^y-->yi:s i 02 v** i 
&&5oor£T'&&u MJ**/i/#u*A&t;7> 

tt£J:»J. 3#f3IGaN£#g-r$. Sg£ 1 

lOOTCC^aU l^a7>K-yGaN^10 3 5: 
jfcfc-fS. Cl©j©glCfcV>Tl*, *1*7**WPl»CG 
aN^5 0 OTTC-tt&iSWCffcBU 1 1 0 0tX#& 

K-7G a N/g 1 0 3;tfjg&<**l£. 

[0 116] iUEMC&^li, V**igPfiPK8ffl 
•T6^7-Y7S«1 0 1 -hLfcSEft 
tt, V** 1 0 2<^®C»oT£fc£r«lCe&U 

l£ G a NM 1 0 3 O-^^Xttf^lCli, VX^ 

i o 2©aawu:T*oTtfc mdm&t&imt* 

[0 117] CVDSrt^LfeSi 02*10 

ftflWWWS i 0 2 JS 1 0 2±*C W«WICJ»LT 

[0 118] ftvvfc *«W«:*riC n-GaNa 
>**W3104, n-AlGaN^V KJB10 5, 
n-GaN8i£Jgl 0 6, n-A 1 0.2 G ao.8 N*^ 
y7*--*-7D-|*JfcJBl0 7, MQW«H£01O. 
8, p-Alo.2 Ga 0 ,8N^'J7^-7O-K 
10310 9, p-GaNSOTllO, P-AI0.O8G 
ao.02N^5vKJBl 1 1. p-GaNn:/** bill 
1 2 fcJRft&ftt*. 

[0 119] &V>T, ±fE#M*fcgtf>-$*nMGaN 

JiffeiWU Hffll/fcnfiGaNa:/** 
H^10 4®*ffitCnOTffil MfcjMtft. 
**©3Ri:tt?**pgGaN:3:/**Wil 1 2ICI* 

Aft UfcSf b8tf^WS<Z>*ffitt S i -02 -JV 1 1 5 T'S 

[0 12 0] pxtomx-m^titLmm^h^m^ 
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0T®SiM^m^ (TEM) IW€:tfofcfc35, * 

[0 1 2 1] «»C J^<^tt#MRfcJ&ftl,fc$x 
Afc #B»W2 5 0#iinCfc*J:3IC*v:/fcU 

10 &Afcf7ofcfci6, &£4 1 5-4 17nmTggJ| 
&*8&WBtg£ftfc. $*CD®f£@Ett4. 8V±0. 
3V, LSV^ItKfiEffiKttl. 5~1. 8kA/cm2 
T'&ofc. SbJC »?x^(09 7%JeU:<D^T*10 

0 0 om&j±<D%M&gmmm&2ntL. -t. 5 

*<. ^<0®fmEEti6. 2V±1. 5V, L£v^ 
@S£&gtt2~5kA/cni2 fctf&oMiycSC * 

20 [0122] z0*$Kj&g&m& ^vr^rwasL 

1 0 l±CA^©B8P^*->€:*-reS i 0 2 7^ 
* 1 0 2 fcffittU rOV^^itCG aNf 103B 

ompypfo «fiK©G aNH03 WtS 3 

[01233 ftjs. bio (a) 

UfcAftJ*®WP/**-->«:#1"6 Si0 2 7^10 

30 2fcisv^ 010 (b) T-Tfit^-ftimrmw- 

ttfiT'Ztc. 010 (a) T-^L^ax^/^ 

->fcS i 0 2 <Dft£l/CJ8V*fc©& H!*£B1 0 
(b) TAbfeSMI/tjt-XS i0 2 CDJ&fcl/tM 

[0 124] (£8Q«NgBfB) 01 Itt. 

^tWrffiETtfee. ftfe Bii *<Z>3 0 1-31 5tt 
09^01 0 1-1 1 SlCffi^LTV^S. 
40 [0 12 5] -*77-<7g«3 0 1±ICI£ ^107^ 
VhLZW-ZO- 3/tmOSi02*3 0 2 a*^^S 
*0±\Z&£ 3 (LmOyy K-^G a N^3 0 3 a 
^^cSntV>6. GaN*3 0 3 a±lCli, ^2(DV 
^^ilbT^^O. 3Mm(D0SiO2*3O2b^ 
/£3*U *©±CJ?a3inn©7>K-^GaNJi3 0 

3 bMMsnrv^. 

[0 12 6] -eLT, GaN*3 0 3 b±fCli. %<m 
10^mtm.\Z.. n-GaN3>*^M30 
4, n-Alo.08Gao.92N?7y KM 3 0 5, n-G 
50 aN2^306, n-A 1q.2 G ao.8 N^U7* 
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-M-7P-Klh^3 0 7, SCH-MQW?g&E3 0 
8, P-Alo.2 Gao.8 N*^U7*-/t-7D-» 
jh^309, p-GaN^iS^310, p-Alo.(»G 
ao.02N*7? K^3 1 1, p-GaN3^^h^3 
12, pW3 13, n{0@©3 14, S i 0 2 S8I§ 
&3 1 StM&2ftX^Z>. 

[0 12 7] *^^n^cDm 7 <Dm&mt&&& 

jfeli, S i O2 v^&fUMLk^T^^^^lntfT 
e»i^T'fe*. t*oT, n-GaNn;/**Hg304 

[0 12 8] *77-f7lS1R3 0 1±lC. 011 

CVDjST^LfcSiO 2 M3 02a 

®mz. «^7r>f7^K301i:7>K-^GaN30 

3 am**mo i u &m\t7> k-^g 

aN3O3a0<l-lOO> #|pJlCTOtCfc* J^K 

[0 12 9] ftWC\ &?Jl#K&T*l 2 0 0TC*T?#S 
LT^<D^~v;i/*U-->y£:S i 0 2 V**3 0 
2a©7--y>yfe^fcJWBafcl6tfc. *<B& 

a«$:5oot:*T-piau hu*97i<#!J9A&tf7 

D?£»CJ:*J3^|SlGaN$:^t6. a*v*T, 1 
lOOClClWU l«W7>K-yGaNJS3 03 a 

[0 13 0) **vfc i 0 2 K3 0 2 b £CVD 

ttTftgAU 7>K-^GaN303a©<l-10 
0>*ttWC (@3Am f jro2O#iin0>:%h?4 
T/v***^**. &WC% g£#H&T*1 2 0 0TC 
«»U, ««©*-T/l/^U-->^Si02 
7^3 0 2 b07--U >*feTOfc»WfeJ&r. 
Sgfcl lOOTSrcRIBU hV**A>iSV 

|S7> aN@303b felftfi-f*. 

[0 13 1] *3tfc«8t6r±:fcUc n- 
GaN3>5r^hJg3 04JBi»fe»rtU *»»l/-»f 

0 2 V*£ 3 0 2 btf>* S^^f^ilWtC-rSwtJCJ: 

[0132] js^©^Tfwan^fl«M^#u 

Kii, 7>K-^GaN^3 0 3 a(Oit 1 T^105 cm 
-2*T\ 7>K-7GaNJg303b<fc»J_tSW>#/g& 

[0 1 3 3] ±&0l3@*£t*¥###/I&* 
JMl/&9x/\*. &g8^2 5 0MmK**J;e>lC 
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I/— !ftCg&&A$:l,fci;36, $£4 1 5-4 1 7 n 

8V±0. 2V, L^V^immSttl. 5-1. 6k 
A/cni2T'&ok. $e>C $xAftCD9 9%Rha> 

»t 1500 o Bm^AtcD&E^&mymz n 

Ac. 

[0 134] £0,fc'MC#£i&gffiTM;t 20©7x5' 
[0 13 5] #|8&£/ST'tt. HI 0 (a) KB 

Ltz.rsftmmux*-y±M*zs io 2 

Hfcjft rCDffclCfcaiO (b) T*^-r=^^>§gPA" 

• (0SiO 2 V** (3 0 2 a) *VtfWBXttH#W&** 
->T'&tUiZ\\ ttz. #£ffi&fi$X'\i 2 [hKD^x^ 

[0 13 6] S&7&tf|&8CD£*&£JgT't:L 7f 

Kmm&mftm&mx'&z 1 o o o-cvxtv®. 

S. mtbX. TiG 2 . In 2 O3, TiN, Si 
N, WNxWlf6H5. lOOOTCRl:©^ 

Lxv77j7mm\zmftzi>\ zomi^ si, 

SiC, ZnO, MgAl 2 O4 ^CD&fc&Ev^i: 

[01373*^ mw\mw&*mft\'- j fo>* 

tab?. m^4-K. ®*7W*lcfc 

[0138] c^9©^s©^®) ai2ji, *m<m 

[0 13 9] HI 2lCfeV^T5 1 Hi^7>T7^ST' 
30>S=£5 1 l±JCtin^!GaNA^77M5 1 
2*^$nTV^. GaNyVy7rM5 1 2±tCtiS 
i0 2 "7^^5 10^ h'P'i'Tftlzmff.ZtU 

zts \om^xxv77m$ 1 zmfe<mz*x 

50 X^f->ysnTV>e. GaN;W7?g5 1 2^8 
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i02 V*#5 1 0±JCttn^AlGaN*7y K05 

ICO. 7>K-:/GaNtt#-<KE5 14, InGaN 
/InGaNfre>fc*fi*#^/g5 15, pgGaNft 
*MKJS5 16, pgAlGaN*5? KJI5 1 liffi 

[0 14 0] -hlB^m^^^ll £ififfi*&9 • 
5y KM5 13»Cgt££T'^fi^S*U Sfflbfc? 

5v ras 1 3±ciin{@m«§5 1 9*^^snrv^ 

6. pfflAlGaN*5vKJB5 17±CI* fflfflfcp 10 
gGaNn>** hjf5 1 8 fe^LT pfl3@® 5 2 Otf 

m^nrv>6. rne>cD@6i5i9 t 5 2on-w? 

;ft3;im<§JC&^$ftTV>6. 
[0 14 1] ^XT% ^CD^^S^liMOCVDfe 

ttHi/ot«. ttz, Ka^gfcwrsGaN (51 

2)/AlGaN (5 1 3) tfy^D&^Srtf^tf) 
JC nfiGaNja5 120J^C^**£fc&SiO 

fc. n^GaN^5 1 2fD-gpt;X^^>y 20 

#P^<#&£Kfc*&8T'£6. p^GaNjg 

.Lies i o 2 «©^^tmfe«a-f erfctftft. 

[0142] *mm®<Dm&x-\t, mmzmz 

^xngteo-fflHcs i o 2 7^«WU -e©±ic 

5y*<D8£*$a<::i:fc<, n£AlGaN*?9K 
Jg5i3£^mj£**::i:#T'^ WKJB513 

JgCD^frb-^LSWiSKl 1 kA/cm2 T'& 
t5aW)l/5OTJC/J^<'r63^^T'Sfc. 

(mi o<o^»flg) mi oammmvit. xh^j 
-mos i o 2 tj»w«^feswba-fc 5? 

(MOCVD) ICJUffefe. 01 3 
(a) li, "^77>fr^KJ:JCGaN^$:^2. 5/xm 40 

2 V***ift3,irof^T-i>-77>f7g«©<l 1-2 

i>£fa i-<fct>^GaNco <i-i oo>^r&iK:m 

[0 14 3] 01 3 (b) «, -*77>f 7&fei: 
ICG a N £i&2. 5/*m^tfeltfSBi:K««tS«±»C 
flgftl. 5Mm(D;Xh5>f:/ttSi0 2 V**&#3ji 
mt'OTT\ 013 (a) £1*9 0- 
*>W77>f7»lR©<l-100>m tfcliGa 

< 1 1 - 2 0> 3frffllC^Lfci&&0flT?S&6. 0 50 
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1 3 (a) , (b) \ti&®B*mm (S EM) £<fc 
[0 14 4] 01 3 (a) T'li. S i 0 2 

iwwfu sio 2 v^^2werr*«dm 

G a NJf tf£#U S *>K&&tmtJ£ G a N|« 

[0 14 5] 013 (b) T'tt, Si0 2 V*? 

#±©6#S i 0 2 v**0>;* b547tW7Kjm$ 

[0 14 6] Ri:<Dj£lfc*^ MOCVDffiTii^h^ 
>f7^X*fctf77-<7g«<D<l 1-2 0>#R 
tfcb^G a N0> < 1 - 1 0 0> #folC7&ft**:: 
3SLV'X&#t>#*. 014, HI 5fcyr5M**fc. 
{Bian«*77-f7lSK®<l-2 0>*fiL «*> 
*>GaN0<l-lOO>;£|anc, Si02*h5-f7* 

mat* vxtim£L*^mT'\t&&f>fo\zm. 

[0 14 7] v**aq^-r*gp#T*tt, v^f 

[0148] $e>ic v**MM*c^-r*g®£& 

rtV 2Aimg^GaN^$:^S^r^JC<ky, 

(0 14 9) ^gi£&«v^^^6iinfcg5 

&0art, 4fevx^©^h5-<^ra©liaBg«:»<t 

(mi i ©^fi^^) mi i ®m&mm s i o 2 

f®77^ 5:^-reT^S^ bTG a N 5:fflV^feti 
£\ fe<kt;AlGaN$:fflV^^CoV^ 7X7^1/ 

fcSQ©^SIi:^«K:«a^Jg^mfi (MOCVD) a 

[0 15 0] 01 6^ ^77^7^±JCGaN^$: 
M2#cmAfiU ^0±tC<^2AinCDXh^^S 
i0 2 ^Z2Z7>h7j7r<m&3 *imT'j&&Ltz*j<D 
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±ICGaN&Kl2*mjfcSl,£& A1GbN^2a 

[0151] si 02 -^^(hT.v^^oynut. m 

1 0(Dm^mX-mVtzX^ MOCVDffilCfcUT 

7T?frfmm&2ti%^V7T'(7m.(D <i i - 

2 0>#fa 1-fcfc*>GaNtf)<l-l00>;&ft£* 

[0152] @i e, ai 7n smM+mm (s 

EM) JC<fc»;sm$:»f®^e)^Ufe^Tfe6. 01 
6, 01 7Kj*1\fc^KU £*>*><Dgfc±-l?=k SiO 

TG a N0)#£*SifT U S i 0 2 VJX*#££1-saJ 

¥gft®£VxG a N/SW&tWfe. 
[0 15 3] L*L&tf&. Hi 6KjRt«IC, Ga 
H/V7T>(7<?)mm&tlZS i 0 2 fe^t* 

[0 1 54] -15. 01 IK&tttK* AlGaN/ 
GaN/-b-77-<T0SM«|j@±JCSiO2 V**£;fr 
**i&£lci;t v**±ICsK-f KtttKKSnr, 5^5 
/WfcfiJCfcy, GaNgT'£ftV^Itf>*>;ftTVv6. * 

i 0 2 *$OV*V Z&f&U *<D±iZG a N/gtf)^^ 
;bffcg£tf}^tcmv**^<^M£A 1 G a N fcJB 
5 T^Wftfiftfttf J: 'J &m tlZZttf 

[0155] ±M&mi o&*a®i logmm* 

^h5-f^T^tt*7T>f7Sfi©<l 1-2 
0> m tW)%G a NCD < 1 - 1 0 0> 

ttl O/unOtfcU vx^ClSi (Bgn&4)<© ttl 
[0 15 6] ife, 5x5;i/^££t3i*Sfctf>©V 

xtm&t&mitLTit. ^yr-frm. sic 

Sim GaAsM GaPM GaNl 
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